This study will focus on the specific physiological characteristics of rice at different stages of growth and development, the environmental background features and the spectral features it exhibits at each waveband, and compare the differences between its spectral characteristics and other features, selecting multiple periods. The satellite data, using a certain extraction method, separate early rice, middle rice and late rice to achieve early rice, mid-season and late rice planting area information extraction, and then compare the extraction results with on-site sampling survey results to comprehensively evaluate the use of MODIS multi-phase satellites. Comprehensive evaluation of matching effects is be done using MODIS multi-temporal satellite data to extract rice planting area information and spatial location. 
INTRODUCTION
Rice is the world's third largest food crop after wheat and corn. Remote sensing monitoring of rice growth is very important. Therefore, overseas research has been carried out on rice remote sensing monitoring [1] [2] [3] [4] [5] . Obtaining rice planting area information is an important basic work for estimating rice yield. Although many scholars have used different satellite data to conduct research on the area of the main rice cultivation areas in the south [6] [7] [8] , there are few studies on the Fujian area. And the existing extraction algorithms generally cannot distinguish the planting areas of early rice, middle rice and late rice. This paper uses satellite remote sensing technology to study the extraction of planting area information of rice area in Fujian. This study used GIS software ArcView and ArcGIS to generate elevation and slope maps. In order to make the elevation and slope maps consistent with the spatial resolution of MODIS satellite remote sensing data, the resolution was chosen to be 250×250 m when rasterizing. The data source for the digital elevation and slope is 1:250 000 contour data with a height of 50 meters in Fujian Province, latitude and longitude coordinates, vector format.
DATA AND METHODS

Data
Methods
Remote sensing technology is used as the main information acquisition method, and geographic information systems are used as information processing and analysis methods. Using GPS positioning data and other ground survey data as auxiliary information, qualitative analysis and quantitative analysis are combined to establish the use of MODIS Data acquisition technology model for rice planting area information.
The entire remote sensing monitoring of rice planting area includes two aspects: The first is the generation of data sets (layers), including the processing of satellite data and geographic information data, all of which are based on professional remote sensing processing software (such as ShineTek of Beijing Xingditong Company). (Software package, ENVI software) and GIS software (such as ArcGIS software); followed by processing the above-mentioned datasets based on the rice field extraction model and related deciduas to obtain the spatial distribution of rice cultivation and rice planting area in Fujian Province.
REMOTE SENSING MONITORING ALGORITHM FOR RICE PLANTING AREA IN FUJIAN Enhanced Vegetation Index EVI
A significant difference between rice and other crops is that after transplanting rice to paddy field, paddy fields need to be watered and lasted for about one week before harvest to ensure their normal growth. During this period, the soil moisture in the rice paddies reached or nearly saturated, and rice The growth period after transplanting to mainly includes tillering, booting, heading and maturity. Information on the changes in vegetation and soil moisture is an issue that must be considered when carrying out remote sensing monitoring of rice planting areas.
The enhanced vegetation index EVI is constructed based on the basic normalized vegetation index NDVI for MODIS satellite data. Because EVI uses the blue band observation data in MODIS sensors, EVI is eliminated at the same time as other vegetation indices. The effects of atmospheric aerosols and soil backgrounds (used to adjust the red-band radiation values to eliminate the effects of atmospheric and soil backgrounds) are less likely to appear saturated in areas with larger biomass, so they can better reflect biomass. Larger area.
In the formula, Rred, Rnir, and Rblue are the reflectivity of the first, second, and third bands of the MODIS data; K1 is the atmospheric correction red light correction coefficient, generally taken as 6; K2 is the atmospheric correction blue light correction coefficient, generally taking 7.5; L is The correction coefficient of the soil background brightness is generally taken as 1; G is the expansion coefficient, and this study takes 2.5.
Water Index
The water-sensitive index is generally constructed using a ratio method. Because the short-wave infrared wavelength is longer, the penetrating power is relatively strong, and it is not sensitive to the atmosphere and soil background, the constructed water sensitivity index generally does not need to consider the atmosphere and soil which is the effect of the background. However, if the watersensitive index is constructed using the visible wavelength band, vegetation becomes an important disturbance factor. Therefore, the water sensitivity index is constructed based on the difference between the reflectance of the short-wave infrared and near-infrared bands, so that the effect of the vegetation on the recognition result can be eliminated.
Surface water index:
（2）
Because the short-wave infrared bands are sensitive to water content, they can be used together with the near-infrared bands to establish indices that are sensitive to vegetation moisture or soil moisture. The study found that if there is no vegetation cover or in the case of relatively small vegetation cover, the two indexes NDWI and LSWI are sensitive to soil moisture. If there is vegetation cover, the NDWI basically reflects the water content of the vegetation canopy, and LSWI The water content of the soil below the canopy of the vegetation can be reflected under the condition of non-dense vegetation. This is because as the wavelength increases, the penetrating ability of electromagnetic waves on the ground cover will increase, so the penetration ability of band 6 will be greater than Band 5, however, due to their penetrating power is also very limited, when the vegetation is relatively dense, even if the electromagnetic wave band 6 and band 5 cannot reach the sensor through the vegetation canopy, then the above two indexes basically reflect The water content of the vegetation canopy does not allow us to identify the moisture content of the soil covered by vegetation. Therefore, the LSWI index was chosen as the basis for monitoring the soil moisture in paddy fields.
Therefore, the research hopes to extract rice planting area information by recognizing the characteristics of water in paddy fields. However, studies have shown that rice grows rapidly after the transplanting period. About 60 days, rice canopy basically covers the underlying soil background. The canopy covers the earth's surface. Spectral information of paddy fields is almost indistinguishable from the spectral information of other crops. Soil moisture cannot be identified. Therefore, the identification of high soil moisture in transplanted paddy fields must not be completely covered by the canopy.
For early rice and mid-season rice, the growth rate of rice is relatively slow after the transplanting period, so it takes a relatively long time for the rice canopy to cover the soil background of the lower layer, and the high soil moisture in the paddy field can be reflected in more satellite images; For late rice, due to the high temperature in the growing season, rice grows more quickly and the canopy quickly covers the underlying soil. Therefore, the high soil moisture in rice fields is only reflected in fewer satellite images.
Studies have shown that rice can be identified in the areas where rice may exist during the transplanting period, the full heading period, the paddy field idle period, and the water sensitivity index, while other disturbances (such as water and other non-rice planting areas) can According to the changes in the characteristics of the land with time, the differences are further removed. This is the main basis for the use of MODIS data to identify the distribution of rice planting area.
Monitoring Index Construction
Usually, the reflectance spectrum of paddy fields in the transplanting period is the mixed spectrum of water, soil, seedlings, rice paddy field background ditches, roads, weeds, etc. During this period, high soil moisture content and low vegetation cover of rice fields. Degrees can be detected using LSWI and EVI. If the EVI value is high during irrigation and transplanting, the features represented by this pixel are other vegetation, such as trees, shrubs, or other crops, and thus can be considered non-rice. Area. If the LSWI is low, it can be considered as a region with a low soil moisture content and can also be considered as a non-rice region. If the LSWI is high and the EVI is low, the pixel may be a paddy field. In order to detect the spectral characteristics of paddy fields, the early, middle and late rice paddy fields were determined in different regions within the province. After the data analysis results obtained from the above test points, the extraction algorithms for middle rice, early rice and late rice can be obtained. For middle rice or early rice, the discrimination conditions are basically the same, that is, when a pixel in the transplanting stage meets the LSWI of >0.12. The EVI is less than 0.2. However, in the rice heading stage, the pixel satisfies LSWI>0 and EVI>0.5, so the pixel may be rice field. Experiments have shown that for rice cells, during the 50th to 90th days after the transplanting stage, the most vigorous growth stage of rice, if the image is not affected by the cloud, then the average value of this period will be greater than 0.35, so permanent Water bodies and other non-rice regions can be further removed by this condition. For late rice, EVI values were significantly higher in paddy fields due to the more severe effects of background during the transplanting period, while the LSWI values were almost unchanged. This may be due to the fact that the wavelength of the short-wave infrared band is longer, and therefore the infrared band The reason for stronger penetration. Therefore, the difference between the EVI at the heading stage of late rice and the EVI in the idle period of the paddy field was used to obtain the image with the most relative change in EVI during the growth period of late rice. This image (called difference image) was used as the main data for estimating the area of late rice. Sources, experiments show that in general early rice heading EVI> 0.6, while the paddy field EVI <0.15.
Based on the above experimental analysis, using the sample data from 2008 to 2010, the preliminary estimation of the rice planting area in Fujian Province was made:
Early rice field pure image: (transplantation period EVI <0.2-0.3) and (transplantation LSWI> 0.1-0.12) and (heading period EVI> 0.5-0.6) and (heading period LSWI> 0).
Early rice field mixed pixels: (heading period EVI-transplantation period EVI)>0.05-0.15; Calculate the maximum EVI variation Max_EVI of pure pixel in paddy field, and calculate the ratio of paddy soil to the pixel that meets the above conditions according to the following formula: (heading period EVI-transplantation period EVI)/Max_EVI.
Late rice field pure image: (heading period EVI> 0.5-0.6) and (empty EVI<0.1-0.2). Late rice field mixed pixels: (heading period EVI-idle period EVI)>0.2; Calculate the maximum EVI variation Max_EVI for pure pixel in paddy field, calculate the ratio of paddy soil to the pixel that meets the above conditions according to the following formula: (heading period EVI-idle period EVI)/Max_EVI .
In addition, in order to reduce the uncertainty of the extraction results, the digital elevation DEM and slope SLOPE were also used to remove areas where rice could not exist. Because the topographic requirements for paddy are very strict and the plots must be flat to facilitate drainage and irrigation in paddy fields, most of the paddy fields are distributed in areas with small gradients.
CONCLUSIONS
Through the use of the MODIS data of the key rice growth period, an algorithm for identifying rice was derived. Through the accuracy verification of the spatial matching, studies have shown that the method used to identify rice is effective, although the research algorithm minimizes the identification of rice as much as possible. There are still some errors in the calculation of rice planting area results. The following analysis of the main factors leading to errors:
(1) Due to the relatively small fields and complicated structures of most paddy fields in Fujian, the spatial resolution of MODIS 250 meters or 500 meters is still too rough, and the error of misclassification and missing points is more serious when the mixing of pixel elements is severe.
(2) Since the algorithm used in this project is based on recognizing the characteristics of paddy fields existing at the transplanting stage, the algorithm has been considered to exclude wetlands or other irrigated crops that are different from rice growth and development, but if During the transplanting period, just because of the high soil moisture content of the land due to rainfall or irrigation, it would interfere with the identification of rice, such as the flooding of vegetable fields due to heavy precipitation during the transplanting period, because of the large number of Precipitation caused flooding of rice fields.
The above is the main source of error in extracting rice planting area using MODIS. The error is mainly caused by the problems of MODIS data itself. Although it is solved by using higher resolution remote sensing images, it not only increases the monitoring cost, but also The limitations of the high-resolution satellite's repetitive cycle, optimal phase, and cloud cover will impose greater restrictions on the area of application, which is a difficult problem to resolve.
